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(67)  Apurification unit (1, 1A) includes: a first electric
conductor (10A); and a second electric conductor (20A)
that contacts the first electric conductor. The first electric
conductor includes: a junction composed of a contact
surface (10b) with the second electric conductor; and an
electronic connection section (15) that conducts elec-
trons from the junction to a catalyst (13). The second
electric conductor includes: a junction composed of a
contact surface (20a) with the first electric conductor; and
an electronic connection section (25) that conducts elec-
trons, which moves from microorganisms (21) to the sec-
ond electric conductor, to the junction. The electronic
connection section of the first electric conductor has high-
er electrical resistivity than the junction of the first electric
conductor, and/or the electronic connection section of
the second electric conductor has higher electrical resis-
tivity than the junction of the second electric conductor.
The first electric conductor contacts a gas phase (40)
including oxygen, and the second electric conductor con-
tacts a treatment target.

PURIFICATION UNIT AND PURIFICATION DEVICE
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Description
TECHNICAL FIELD

[0001] The present invention relates to a purification
unit and a purification device. More specifically, the
presentinvention relates to a purification unit for purifying
a treatment target such as wastewater and soil, and to a
purification device using the purification unit.

BACKGROUND ART

[0002] Heretofore, a variety of water treatment meth-
ods have been provided in order to remove organic mat-
ter or the like contained in wastewater. Specifically, there
have been provided such water treatment methods as
an activated sludge process using aerobic respiration of
microorganisms and an anaerobic treatment process us-
ing anaerobic respiration of microorganisms.

[0003] In the activated sludge process, wastewater
and sludge (activated sludge) containing microorgan-
isms are mixed with each other in a biological reaction
tank, and air required for the microorganisms to oxida-
tively degrade organic matter in the wastewater is sent
into the biological reaction tank, and an obtained mixture
is stirred. In this way, the wastewater is purified. However,
the activated sludge process requires enormous electri-
cal power for aeration in the biological reaction tank.
Moreover, as a result of oxygen respiration and active
metabolism of the microorganisms, a large amount of
sludge (microbial carcasses) that is an industrial waste
is generated.

[0004] In contrast, the aeration is not required in the
anaerobic treatment process, and accordingly, a re-
quired amount of electrical power can be greatly reduced
in comparison with the activated sludge process. More-
over, since free energy acquired by the microorganisms
is small, an amount of the generated sludge is reduced.
As a wastewater treatment device using such an anaer-
obic treatment process as described above, disclosed is
a device in which anaerobic microorganisms are at-
tached to a carrier using particles of a hydrogen storage
alloy (for example, refer to Patent Literature 1).

CITATION LIST
PATENT LITERATURE

[0005] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. HI-47494

SUMMARY OF INVENTION

[0006] However,the conventional anaerobictreatment
process has had a problem that biogas containing alarge
amount of flammable methane gas having a character-
istic odor is generated as a product of the anaerobic res-
piration.
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[0007] The present invention has been made in con-
sideration of such a problem as described above, which
is inherent in the prior art. It is an object of the present
invention to provide a purification unit capable of reducing
the amount of generated sludge and inhibiting the gen-
eration of the biogas and to provide a purification device
using the purification unit.

[0008] In order to solve the above-described problem,
a purification unit according to afirstaspect of the present
invention includes: a first electric conductor including a
catalyst; and a second electric conductor brought into
contact with and electrically connected to the first electric
conductor. The first electric conductor includes: a junc-
tion composed of a contact surface with the second elec-
tric conductor; and an electronic connection section that
conducts electrons from the junction to the catalyst. The
second electric conductorincludes: ajunction composed
of a contact surface with the first electric conductor; and
an electronic connection section that conducts electrons
to the junction, the electrons moving from microorgan-
isms to the second electric conductor. Then, the elec-
tronic connection section of the first electric conductor
has higher electrical resistivity than the junction of the
first electric conductor, and/or the electronic connection
section of the second electric conductor has higher elec-
trical resistivity than the junction of the second electric
conductor. At least a part of the first electric conductor
contacts a gas phase including oxygen, and at least a
partofthe second electric conductor contacts a treatment
target.

[0009] A purification device according to a second as-
pect of the present invention includes: the above-men-
tioned purification unit; and a treatment tank for holding
therein the purification unit and wastewater to be purified
by the purification unit. Then, the purification unit is in-
stalled so that at least a part of the first electric conductor
contacts the gas phase, and that at least a part of the
second electric conductor contacts the wastewater.
[0010] A purification device according to a third aspect
of the present invention includes the above-mentioned
purification unit. Then, the purification unit is installed so
that at least a part of the first electric conductor contacts
the gas phase, and that at least a part of the second
electric conductor contacts soil to be purified by the pu-
rification unit.

BRIEF DESCRIPTION OF DRAWINGS
[0011]

[Fig. 1] Fig. 1 is a perspective view showing an ex-
ample of a purification device according to a first em-
bodiment of the present invention.

[Fig. 2] Fig. 2 is a cross-sectional view taken along
a line A-Ain Fig. 1.

[Fig. 3] Fig. 3 is an exploded perspective view show-
ing a purification unitin the above purification device.
[Fig. 4] Fig. 4 is a cross-sectional view for explaining
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an electronic connection section and a junction in
the purification unit.

[Fig. 5] Fig. 5 is cross-sectional views showing an
example of a configuration for causing the electronic
connection section to have higher electrical resistiv-
ity than the junction in the purification unit.

[Fig. 6] Fig. 6 is cross-sectional views showing an-
other example of the configuration for causing the
electronic connection section to have higher electri-
cal resistivity than the junction in the purification unit.
[Fig. 7] Fig. 7 is cross-sectional views showing ex-
amples of a purification unit according to a second
embodiment of the present invention.

[Fig. 8] Fig. 8 is cross-sectional views showing ex-
amples of a purification unit according to a third em-
bodiment of the present invention.

[Fig. 9] Fig. 9 is cross-sectional views showing ex-
amples of a purification unit according to a fourth
embodiment of the present invention.

[Fig. 10] Fig. 10 is a cross-sectional view showing
an example of a purification unit according to a fifth
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0012] Hereinafter, a detailed description will be given
of a purification unit and a purification device according
to this embodiment. Note that dimensional ratios in the
drawings are exaggerated for convenience of explana-
tion, and are sometimes different from actual ratios.

[First embodiment]

[0013] A purification device 100 according to this em-
bodiment includes a purification unit 1 as shown in Fig.
1 and Fig. 2. The purification unit 1 includes a purification
structure 30 composed of a positive electrode 10 that is
afirst electric conductor and a negative electrode 20 that
is a second electric conductor. In the purification unit 1,
a contact surface 10b of the positive electrode 10 and a
contact surface 20a of the negative electrode 20, which
face each other, are brought into contact with and elec-
trically connected to each other. Then, a gas diffusion
layer 12 of the positive electrode 10 is brought into con-
tact with the contact surface 20a of the negative electrode
20, and a water-repellent layer 11 of the positive elec-
trode 10 is exposed to a gas phase 40.

[0014] Asshownin Fig. 3, the purification structure 30
is laminated on a cassette substrate 50. The cassette
substrate 50 is a U-shaped frame member that goes
along an outer peripheral portion of the surface 10a in
the positive electrodes 10. An upper portion of the cas-
sette substrate 50 is open. That is, the cassette substrate
50 is a frame member in which bottom surfaces of two
first columnar members 51 are coupled to each other by
a second columnar member 52. Then, as shown in Fig.
2, a side surface 53 of the cassette substrate 50 is joined
to the outer peripheral portion of the surface 10a of the
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positive electrode 10, and a side surface 54 opposite with
the side surface 53 is joined to an outer peripheral portion
of a surface 60a of a plate member 60.

[0015] As shown in Fig. 2, the purification unit 1 com-
posed by laminating the purification structure 30, the cas-
sette substrate 50 and the plate member 60 on one an-
other is disposed inside a treatment tank 70 so that the
gas phase 40 is formed. Wastewater 80 that is a treat-
ment target is held inside the treatment tank 70, and the
positive electrode 10 and the negative electrode 20 are
immersed in the wastewater 80.

[0016] As described later, the positive electrode 10 in-
cludes a water-repellent layer 11 having water repellen-
cy, and the plate member 60 is composed of a flat plate
material that does not allow permeation of the wastewa-
ter 80. Therefore, the wastewater 80 held inside the treat-
ment tank 70 and the inside of the cassette substrate 50
are separated from each other, and the gas phase 40 is
formed in an inner space formed of the purification struc-
ture 30, the cassette substrate 50 and the plate member
60. Then, the purification device 100 is configured so that
this gas phase 40 is open to the outside air, or so that air
is supplied from the outside to this gas phase 40, for
example, by a pump.

(First electric conductor (Positive electrode))

[0017] As showninFig. 1 and Fig. 2, the positive elec-
trode 10 that is the first electric conductor according to
this embodimentis composed of a gas diffusion electrode
including the water-repellent layer 11 and the gas diffu-
sion layer 12 stacked on the water-repellent layer 11 to
contact the same. Such a thin plate-shaped gas diffusion
electrode as described above is used, whereby it be-
comes possible to easily supply a catalyst in the positive
electrode 10 with oxygen in the gas phase 40.

[0018] The water-repellentlayer11inthe positive elec-
trode 10 is a layer having both water repellency and ox-
ygen permeability. The water-repellent layer 11 is con-
figured so as, while satisfactorily separating the gas
phase40andaliquid phasein an electrochemical system
in the purification unit 1 from each other, to allow move-
ment of oxygen, which shifts from the gas phase 40 to
the liquid phase. That s, the water-repellent layer 11 can
suppress the wastewater 80 from moving to the gas
phase 40 while allowing the permeation of the oxygen in
the gas phase 40 and moving the oxygen to the gas dif-
fusionlayer 12. Note that such "separation" as used here-
in refers to physical blocking.

[0019] The water-repellent layer 11 is in contact with
the gas phase 40 having gas including oxygen, and dif-
fuses the oxygen in the gas phase 40. Then, in the con-
figuration shown in Fig. 2, the water-repellent layer 11
supplies oxygen to the gas diffusion layer 12 substantially
uniformly. Therefore, itis preferable that the water-repel-
lent layer 11 be a porous body so that the oxygen can
be diffused. Note that, since the water-repellent layer 11
has water repellency, a decrease of oxygen diffusibility
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can be prevented, which may result from the fact that
pores of the porous body are closed due to dew conden-
sation and the like. Moreover, since the wastewater 80
is difficult to soak in an inside of the water-repellent layer
11, it becomes possible to efficiently flow oxygen from
the surface of the water-repellent layer 11, which con-
tacts the gas phase 40, to the surface facing the gas
diffusion layer 12.

[0020] Itis preferable that the water-repellent layer 11
be formed of a woven fabric or a nonwoven fabric into a
sheet shape. Moreover, a material that composes the
water-repellent layer 11 is not particularly limited as long
as having water repellency and being capable of diffusing
the oxygen in the gas phase 40. As the material that
composes the water-repellent layer 11, for example,
there can be used at least one selected from the group
consisting of polyethylene, polypropylene, polybutadi-
ene, nylon, polytetrafluoroethylene (PTFE), ethylcellu-
lose, poly-4-methylpentene-1, butyl rubber, and poly-
dimethylsiloxane (PDMS). Each of these materials can
easily form the porous body, and further, also has high
water repellency, and accordingly, can enhance the gas
diffusibility by preventing the pores from being closed.
Note that, preferably, the water-repellent layer 11 has a
plurality of through holes in a lamination direction X of
the water-repellent layer 11 and the gas diffusion layer
12.

[0021] In order to enhance the water repellency, the
water-repellent layer 11 may be subjected to water-re-
pellent treatment using a water-repellent agent as nec-
essary. Specifically, a water-repellent agent such as pol-
ytetrafluoroethylene may be adhered to the porous body
that composes the water-repellent layer 11, and may en-
hance the water repellency thereof.

[0022] Itis preferable that the gas diffusion layer 12 in
the positive electrode 10 include a porous electrocon-
ductive material and a catalyst supported on this electro-
conductive material. Such providing of such a gas diffu-
sion layer 12 as described above in the positive electrode
10 makes it possible to conduct electrons, which are gen-
erated by a local cell reaction to be described later, be-
tween the negative electrode 20 and the catalyst. That
is, as described later, the catalyst is supported on the
gas diffusion layer 12, and further, the catalyst is prefer-
ably an oxygen reduction catalyst. Then, the electrons
move from the negative electrode 20 through the gas
diffusion layer 12 to the catalyst, whereby the catalyst
makes it possible to advance an oxygen reduction reac-
tion by oxygen, hydrogen ions and electrons.

[0023] In order to ensure stable performance, in the
positive electrode 10, it is preferable that oxygen effi-
ciently permeate the water-repellentlayer 11 and the gas
diffusion layer 12 and be supplied to the catalyst. There-
fore, it is preferable that the gas diffusion layer 12 be a
porous body that has a large number of oxygen-perme-
able pores from the surface facing the water-repellent
layer 11 to the surface opposite therewith. Moreover, it
is particularly preferable that a shape of the gas diffusion
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layer 12 be three-dimensionally mesh-like. Such a three-
dimensional mesh shape makes it possible to impart high
oxygen permeability and electro-conductivity to the gas
diffusion layer 12.

[0024] In order to efficiently supply oxygen to the gas
diffusion layer 12 in the positive electrode 10, it is pref-
erable that the water-repellent layer 11 be joined to the
gas diffusion layer 12 via an adhesive. In this way, the
diffused oxygen is directly supplied to the gas diffusion
layer 12, and the oxygen reduction reaction can be car-
ried out efficiently. From a viewpoint of ensuring adhesive
properties between the water-repellent layer 11 and the
gas diffusion layer 12, it is preferable that the adhesive
be provided on at least a part between the water-repellent
layer 11 and the gas diffusion layer 12. However, from a
viewpoint of increasing the adhesive properties between
the water-repellent layer 11 and the gas diffusion layer
12 and supplying oxygen to the gas diffusion layer 12
stably for a long period, it is more preferable that the
adhesive be provided over the entire surface between
the water-repellent layer 11 and the gas diffusion layer
12.

[0025] As the adhesive, an adhesive having oxygen
permeability is preferable, and a resin can be used, which
includes at least one selected from the group consisting
of polymethyl methacrylate, methacrylic acid-styrene co-
polymer, styrene-butadiene rubber, butyl rubber, nitrile
rubber, chloroprene rubber and silicone.

[0026] Here, a more detailed description will be given
of the gas diffusion layer 12 of the positive electrode 10
in this embodiment. As mentioned above, the gas diffu-
sion layer 12 can be configured to include a porous elec-
troconductive material and a catalyst supported on the
electroconductive material.

[0027] The electroconductive material in the gas diffu-
sion layer 12 can be composed of at least one material
selected from the group consisting of graphite foil, carbon
paper, carbon cloth and stainless steel (SUS). More spe-
cifically, the electroconductive material in the gas diffu-
sion layer 12 can be composed, for example, of at least
one material selected from the group consisting of a car-
bon-based substance, an electrically conductive poly-
mer, a semiconductor and metal. The carbon-based sub-
stance refers to a substance containing carbon as a con-
stituent. Examples of the carbon-based substance in-
clude, for example: carbon powder such as graphite, ac-
tivated carbon, carbon black, Vulcan (registered trade-
mark) XC-72R, acetylene black, furnace black, and Den-
ka Black; carbon fiber such as graphite felt, carbon wool
and carbon woven fabric; carbon plate; carbon paper;
carbon disc; carbon cloth; carbon foil; and carbon-based
material molded by compressing carbon particles. More-
over, the examples of the carbon-based substance also
include microstructured substances such as carbon na-
notubes, carbon nanohorns and carbon nanoclusters.
[0028] The electrically conductive polymer is a generic
name of high molecular compounds having electro-con-
ductivity. Examples of the electrically conductive polymer
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include: polymers of single monomers or two or more
monomers, which are composed of, as elements, aniline,
amino phenol, diaminophenol, pyrrole, thiophene, para-
phenylene, fluorene, furan, acetylene, or derivatives
thereof. Specific examples of the electrically conductive
polymer include polyaniline, polyaminophenol, poly-
diaminophenol, polypyrrole, polythiophene, polypara-
phenylene, polyfluorene, polyfuran, polyacetylene and
the like. The metal electroconductive material includes
metal materials having mesh, foam and other shapes,
and for example, a stainless steel mesh can be used.
Note that, considering availability, cost, corrosion resist-
ance, durability and the like, it is preferable that the elec-
troconductive material be the carbon-based substance.
[0029] Moreover, it is preferable that a shape of the
electroconductive material be a powdery shape or a fi-
brous shape. Furthermore, the electroconductive mate-
rial may be supported on a support. The support means
amember thatitself has rigidity and can impart a constant
shape to the gas diffusion electrode. The support may
be aninsulator or an electric conductor. When the support
is an insulator, examples of the support include glass
pieces, plastics, synthetic rubbers, ceramics, paper sub-
jected to waterproof or water-repellent treatment, plant
pieces such as wood pieces, animal pieces such as bone
pieces and shells, and the like. Examples of a support
having a porous structure include porous ceramics, po-
rous plastics, sponge and the like. When the support is
an electric conductor, examples of the support include
carbon-based substances such as carbon paper, carbon
fiber and carbon rod, metals, electrically conductive pol-
ymers, and the like. When the support is an electric con-
ductor, such an electroconductive material that supports
the carbon-based material is disposed on a surface of
the support, whereby the support can also function as a
current collector.

[0030] As the catalyst in the gas diffusion layer 12,
there can be used a platinum-based catalyst, a carbon-
based catalyst using iron or cobalt, a transition metal ox-
ide-based catalyst including partially oxidized tantalum
carbon nitride (TaCNO) and zirconium carbon nitride
(ZrCNO), a carbide-based catalyst using tungsten or mo-
lybdenum, activated carbon, and the like.

[0031] Here, itis preferable that the catalyst in the gas
diffusion layer 12 be a carbon-based material doped with
metal atoms. The metal atoms are not particularly limited;
however, it is preferable that the metal atoms be atoms
of at least one metal selected from the group consisting
of titanium, vanadium, chromium, manganese, iron, co-
balt, nickel, copper, zirconium, niobium, molybdenum,
ruthenium, rhodium, palladium, silver, hafnium, tantalum,
tungsten, rhenium, osmium, iridium, platinum and gold.
In this case, the carbon-based material exerts excellent
performance particularly as a catalyst for promoting the
oxygen reduction reaction. An amount of the metal atoms
contained in the carbon-based material may be appro-
priately set so that the carbon-based material has excel-
lent catalytic performance.
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[0032] It is preferable that the carbon-based material
be further doped with atoms of at least one nonmetal
selected from nitrogen, boron, sulfur and phosphorus.
An amount of such nonmetal atoms doped into the car-
bon-based material may also be appropriately set so that
the carbon-based material has such excellent catalytic
performance.

[0033] The carbon-based material is obtained, for ex-
ample, in such a manner that a carbon-source raw ma-
terial such as graphite and amorphous carbon is used
as a base, and that this carbon-source raw material is
doped with the metal atoms and the atoms of the at least
one nonmetal selected from nitrogen, boron, sulfur and
phosphorus.

[0034] Combinations of the metal atoms and the nom-
netal atoms, which are doped into the carbon-based ma-
terial, are appropriately selected. In particular, it is pref-
erable that the nonmetal atoms include nitrogen, and that
the metal atoms include iron. In this case, the carbon-
based material can have particularly excellent catalytic
activity. Note that the nonmetal atoms may be only nitro-
gen and the metal atoms may be only iron.

[0035] The nonmetal atoms may include nitrogen, and
the metal atoms may include at least either one of cobalt
and manganese. In this case also, the carbon-based ma-
terial can have particularly excellent catalytic activity.
Note that the nonmetal atoms may be only nitrogen.
Moreover, the metal atoms may be only cobalt, only man-
ganese, or only cobalt and manganese.

[0036] The shape of the carbon-based material is not
particularly limited. For example, the carbon-based ma-
terial may have a particulate shape or a sheet-like shape.
Dimensions of the carbon-based material having the
sheet-like shape are not particularly limited; however, for
example, the carbon-based material may have minute
dimensions. The carbon-based material having the
sheet-like shape may be porous. Itis preferable that the
porous carbon-based material having the sheet-like
shape have, for example, a woven fabric shape, a non-
woven fabric shape, and the like.

[0037] The carbon-based material composed as the
catalyst in the gas diffusion layer 12 can be prepared as
follows. First, a mixture is prepared, which contains a
nonmetal compound including at least one nonmetal se-
lected from the group consisting of nitrogen, boron, sulfur
and phosphorus, a metal compound, and the carbon-
source raw material. Then, this mixture is heated at a
temperature of 800 °C or more to 1000 °C or less for 45
seconds or more and less than 600 seconds. In this way,
the carbon-based material composed as the catalyst can
be obtained.

[0038] Here, as mentioned above, for example, graph-
ite or amorphous carbon can be used as the carbon-
source raw material. Moreover, the metal compound is
not particularly limited as long as the metal compound is
acompound including metal atoms capable of coordinate
bond with the nonmetal atoms to be doped into the car-
bon-source raw material. As the metal compound, for



9 EP 3 466 896 A1 10

example, there can be used at least one selected from
the group consisting of: inorganic metal salt such as metal
chloride, nitrate, sulfate, bromide, iodide and fluoride; or-
ganic metal salt such as metal acetate; a hydrate of the
inorganic metal salt; and a hydrate of the organic metal
salt. For example, when the graphite is doped with iron,
itis preferable that the metal compound contain iron chlo-
ride (lll). When the graphite is doped with cobalt, it is
preferable that the metal compound contain cobalt chlo-
ride. Moreover, when the carbon-source raw material is
doped with manganese, it is preferable that the metal
compound contain manganese acetate. It is preferable
that an amount of use of the metal compound be deter-
mined so that a ratio of the metal atoms in the metal
compound to the carbon-source raw material can stay
within a range of 5 to 30 % by mass, and it is more pref-
erable that the amount of use of the metal compound be
determined so that this ratio can stay within a range of 5
to 20 % by mass.

[0039] Asdescribedabove,itis preferable thatthe non-
metal compound be a compound of atleast one nonmetal
selected from the group consisting of nitrogen, boron,
sulfur and phosphorus. As the nonmetal compound, for
example, there can be used at least one compound se-
lected from the group consisting of pentaethylenehex-
amine, ethylenediamine, tetraethylenepentamine, trieth-
ylenetetramine, ethylenediamine, octylboronic acid, 1,2-
bis(diethylphosphinoethane), triphenyl phosphite, and
benzyl disulfide. An amount of use of the nonmetal com-
pound is appropriately set according to a doping amount
of the nonmetal atoms into the carbon-source raw mate-
rial. Itis preferable that the amount of use of the nonmetal
compound be determined so that a molar ratio of the
metal atoms in the metal compound and the nonmetal
atoms in the nonmetal compound can stay within a range
of 1: 1to 1: 2, and it is more preferable that the amount
of use of the nonmetal compound be determined so that
this molar ratio can stay within a range of 1: 1.5t0 1: 1.8.
[0040] The mixture containing the nonmetal com-
pound, the metal compound and the carbon-source raw
material in the case of preparing the carbon-based ma-
terial composed as the catalyst can be obtained, for ex-
ample, as follows. First, the carbon-source raw material,
the metal compound, and the nonmetal compound are
mixed with one another, and as necessary, a solventsuch
as ethanol is added to an obtained mixture, and a total
amount of the mixture is adjusted. These are further dis-
persed by an ultrasonic dispersion method. Subsequent-
ly, after these are heated at an appropriate temperature
(for example, 60 °C), the mixture is dried to remove the
solvent. In this way, such a mixture containing the non-
metal compound, the metal compound and the carbon-
source raw material is obtained.

[0041] Next, the obtained mixture is heated, for exam-
ple,inareducing atmosphere or aninert gas atmosphere.
In this way, the nonmetal atoms are doped into the car-
bon-source raw material, and the metal atoms are also
doped thereinto by the coordinate bond between the non-
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metal atoms and the metal atoms. It is preferable that a
heating temperature be within a range of 800 °C or more
to 1000 °C or less, and it is preferable that a heating time
be within a range of 45 seconds or more to less than 600
seconds. Since the heating time is short, the carbon-
based material is efficiently produced, and the catalytic
activity of the carbon-based material is further increased.
Note that, preferably, a heating rate of the mixture at the
start of heating in the heating treatment is 50 °C/s or
more. Such rapid heating further enhances the catalytic
activity of the carbon-based material.

[0042] Moreover, the carbon-based material may be
further acid-washed. For example, the carbon-based ma-
terial may be dispersed in pure water for 30 minutes by
a homogenizer, and thereafter, the carbon-based mate-
rial may be placed in 2M sulfuric acid and stirred at 80
°C for 3 hours. In this case, elution of the metal compo-
nent from the carbon-based material is reduced.

[0043] By such a production method, a carbon-based
material is obtained, in which contents of such aninactive
metal compound and a metal crystal are significantly low,
and electro-conductivity is high.

[0044] In the gas diffusion layer 12, the catalyst may
be bound to the electroconductive material using a bind-
ing agent. That is, the catalyst may be supported on sur-
faces and pore insides of the electroconductive material
using the binding agent. In this way, the oxygen reduction
properties of the catalyst can be prevented from being
degraded due to desorption of the catalyst from the elec-
troconductive material. As the binding agent, for exam-
ple, it is preferable to use at least one selected from the
group consisting of polytetrafluoroethylene, polyvinyli-
dene fluoride (PVDF), and ethylene-propylene-diene co-
polymer (EPDM). Moreover, it is also preferable to use
Nafion (registered trademark) as the binding agent.

(Second electric conductor (Negative electrode))

[0045] The negative electrode 20 that is the second
electric conductor according to this embodiment has
functions to support microorganisms to be described lat-
er, and further, to generate hydrogen ions and electrons
from at least either of the organic matter and a nitrogen-
containing compound in the wastewater 80 by a catalytic
action of the microorganisms. Therefore, the negative
electrode 20 of this embodiment is not particularly limited
as long as the negative electrode 20 has a configuration
of generating such functions.

[0046] The negative electrode 20 in this embodiment
has a structure in which microorganisms are supported
on an electrically conductive sheet having electro-con-
ductivity. As the electrically conductive sheet, there can
be used at least one selected from the group consisting
of a porous electrically conductive sheet, a woven fabric
electrically conductive sheet, and a nonwoven fabric
electrically conductive sheet. Moreover, the electrically
conductive sheet may be a laminated body formed by
laminating a plurality of sheets on one another. Such a
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sheet having a plurality of pores is used as the electrically
conductive sheet of the negative electrode 20, whereby
it becomes easy for hydrogen ions generated by a local
cell reaction to be described later to move in a direction
of the positive electrode 10, thus making it possible to
increase the rate of the oxygen reduction reaction. More-
over, from the viewpoint of enhancing the ion permeabil-
ity, it is preferable that the electrically conductive sheet
of the negative electrode 20 have a space (air gap) con-
tinuous in the lamination direction X, thatis, in athickness
direction of the electrically conductive sheet.

[0047] For the electrically conductive sheetin the neg-
ative electrode 20, at least one selected from the group
consisting of graphite foil, graphite brush and carbon felt
can be used. Note that the graphite brush is a productin
which a bundle of carbon fibers is attached with a handle,
and the graphite brush has electro-conductivity as a
whole.

[0048] Moreover, the electrically conductive sheet in
the negative electrode 20 may be a metal plate having a
plurality of through holes in the thickness direction.
Therefore, as a material that composes the electrically
conductive sheet of the negative electrode 20, for exam-
ple, electrically conductive metal such as aluminum, cop-
per, stainless steel, nickel and titanium can also be used.
[0049] The microorganisms supported on the negative
electrode 20 are not particularly limited as long as being
microorganisms which degrade organic matter or a com-
pound containing nitrogen in the wastewater 80; howev-
er, it is preferable to use anaerobic microorganisms
which do not require oxygen for growth thereof. The
anaerobic microorganisms do not require air for oxida-
tively degrading the organic matter in the wastewater 80.
Therefore, electric power required to send air can be re-
duced to a large extent. Moreover, since free energy ac-
quired by the microorganisms is small, it becomes pos-
sible to reduce an amount of generated sludge.

[0050] Preferably, the microorganisms held in the neg-
ative electrode 20 are anaerobic microorganisms, and
for example, preferably are electricity-producing bacteria
having an extracellular electron transfer mechanism.
Specific examples of the anaerobic microorganisms in-
clude Geobacter bacteria, Shewanella bacteria, Aerom-
onas bacteria, Geothrix bacteria, and Saccharomyces
bacteria.

[0051] The negative electrode 20 may hold the anaer-
obic microorganisms in such a manner that a biofilm in-
cluding the anaerobic microorganisms is laminated and
fixed to the negative electrode 20 itself. For example, the
anaerobic microorganisms may be held on a surface 20b
opposite with the contact surface 20a in the negative
electrode 20. Note that the term "biofilm" generally refers
to a three-dimensional structure including a microbial
population and an extracellular polymeric substance
(EPS) produced by the microbial population. However,
the anaerobic microorganisms may be held on the neg-
ative electrode 20 without using the biofilm. Moreover,
the anaerobic microorganisms may be held not only on
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the surface of the negative electrode 20 but also in the
inside thereof.

[0052] As mentioned above, it is preferable that the
anaerobic microorganisms be supported on at least ei-
ther one of the surface and inside of the negative elec-
trode 20. However, the fact that these microorganisms
are contained in the wastewater 80 is sufficient to exert
the effects of this embodiment. Therefore, in the purifi-
cation device 100, it is preferable that at least either one
of the negative electrode 20 and the wastewater 80 hold
the anaerobic microorganisms.

[0053] Here,inthe purification unit of this embodiment,
the first electric conductor includes: a junction composed
of a contact surface with the second electric conductor;
and an electronic connection section that conducts elec-
trons from the junction to the catalyst. Moreover, the sec-
ond electric conductor includes: a junction composed of
a contact surface with the first electric conductor; and an
electronic connection section that conducts electrons to
the junction, the electrons having moved from the micro-
organisms to the second electric conductor. That is, as
shown in Fig. 4, in a purification unit 1A, the gas diffusion
layer 12 of the positive electrode 10 as a first electric
conductor 10A includes: a junction composed of the con-
tact surface 10b with the negative electrode 20 as a sec-
ond electric conductor 20A; and an electronic connection
section 15 that conducts electrons from the junction to a
catalyst 13. Moreover, the negative electrode 20 as the
second electric conductor 20A includes: a junction com-
posed of the contact surface 20a with the gas diffusion
layer 12 that is the first electric conductor 10A; and an
electronic connection section 25 that conducts electrons
to the junction, the electrons having moved from the mi-
croorganisms 21 to the second electric conductor 20A.
Note that, in Fig. 4, the water-repellent layer is omitted
in the positive electrode as the first electric conductor
10A.

[0054] Then, the electronic connection section 15 of
the first electric conductor 10A has higher electrical re-
sistivity than the junction (contact surface 10b) of the first
electric conductor 10A. Alternatively, the electronic con-
nection section 25 of the second electric conductor 20A
has higher electrical resistivity than the junction (contact
surface 20a) of the second electric conductor 20A. Alter-
natively, the electronic connection section 15 of the first
electric conductor 10A has higher electrical resistivity
than the junction (contact surface 10b) of the first electric
conductor 10A, and the electronic connection section 25
of the second electric conductor 20A has higher electrical
resistivity than the junction (contact surface 20a) of the
second electric conductor 20A.

[0055] While the first electric conductor 10A and the
second electric conductor 20A have electro-conductivity,
the electronic connection section 15 has higher electrical
resistivity than the junction (contact surface 10b), and/or
the electronic connection section 25 has higher electrical
resistivity than the junction (contact surface 20a), where-
by a potential difference is generated. That is, the elec-
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trical resistivity of the electronic connection section 15
and/or the electronic connection section 25 becomes rel-
atively high, whereby a support region for the catalyst 13
in the first electric conductor 10A and a support region
for the microorganisms 21 in the second electric conduc-
tor 20A can be controlled to appropriate potentials. As a
result, it becomes possible to ensure a potential differ-
ence between the support region for the catalyst 13 and
the support region for the microorganisms 21. Moreover,
metabolism of the microorganisms, which follows elec-
tronic conduction, is promoted, and accordingly, it be-
comes possible to increase degradation efficiency of the
organic matter and the nitrogen-containing compound in
the treatment target. Moreover, in the purification unit 1,
wires and a booster system in an external circuit do not
need to be provided for ensuring the potential difference.
Accordingly, the purification unit 1 can adopt a simpler
configuration, and the purification device 100 can be
downsized.

[0056] Note that the electrical resistivity of the junction
of the first electric conductor 10A is the electrical resis-
tivity of the contact surface 10b of the first electric con-
ductor 10A. Moreover, the electrical resistivity of the junc-
tion of the second electric conductor 20A is the electrical
resistivity of the contact surface 20a of the second electric
conductor 20A. The electrical resistivity of each of the
junctions can be measured by the four-point probe meth-
od.

[0057] The electrical resistivity of the electronic con-
nection section 15 of the first electric conductor 10A is
electrical resistivity of a portion included in the electronic
connection section 15 and located on a plane perpendic-
ular to the junction (contact surface 10b) of the first elec-
tric conductor 10A. That is, in this embodiment, the elec-
trical resistivity of the electronic connection section 15 of
the first electric conductor 10A is the lowest value among
values measured at portions included in the electronic
connection section 15 and located in an upper surface
10c and a lower surface 10d shown in Fig. 4 and a right
side surface 10e and a left side surface 10f shown in Fig.
3. Moreover, the electrical resistivity of the electronic con-
nection section 15 is a value measured by the four-point
probe method along a lamination direction (X-axis direc-
tion) of the first electric conductor 10A and the second
electric conductor 20A.

[0058] The electrical resistivity of the electronic con-
nection section 25 of the second electric conductor 20A
is electrical resistivity of a portion included in the elec-
tronic connection section 25 and located on a plane per-
pendicular to the junction (contact surface 20a) of the
second electric conductor 20A. That is, in this embodi-
ment, the electrical resistivity of the electronic connection
section 25 of the second electric conductor 20A is the
lowest value among values measured at portions includ-
ed in the electronic connection section 25 and located in
an upper surface 20c and a lower surface 20d shown in
Fig. 4 and a right side surface 20e and a left side surface
20f shown in Fig. 3. Moreover, the electrical resistivity of
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the electronic connection section 25 is a value measured
by the four-point probe method along a lamination direc-
tion of the second electric conductor 20A and the second
electric conductor 20A (X-axis direction).

[0059] It is preferable to adopt a configuration shown
in Fig. 5 in order that the electronic connection section
15 of the first electric conductor 10A may have higher
electrical resistivity than the junction of the first electric
conductor 10A, and that the electronic connection section
25 of the second electric conductor 20A may have higher
electrical resistivity than the junction of the second elec-
tric conductor 20A. Specifically, it is preferable to provide
a resistive layer 90 having high electrical resistivity be-
tween the junction (contact surface 10b) of the first elec-
tric conductor 10A and the junction (contact surface 20a)
of the second electric conductor 20A. Then, it is prefer-
able that the electrical resistivity of the resistive layer 90
be higher than those of the electronic connection section
15 of the first electric conductor 10A and the electronic
connection section 25 of the second electric conductor
20A. The resistive layer 90 is provided on an interface
between the first electric conductor 10A and the second
electric conductor 20A, whereby it becomes possible to
increase electrical resistance in the lamination direction
of the first electric conductor 10A and the second electric
conductor 20A, and to increase the electrical resistivity
of each of the electronic connection sections more than
those of the junctions. A material of such a resistive layer
90 is not particularly limited as long as the material in-
creases the electrical resistance while having appropri-
ate electro-conductivity. For example, an electrically con-
ductive paste in which at least either one of carbon par-
ticles and metal is dispersed in resin can be used as the
resistive layer 90.

[0060] AsshowninFig.5(a), theresistive layer 90 may
be provided across the junction (contact surface 10b) of
the first electric conductor 10A and the junction (contact
surface 20a) of the second electric conductor 20A. Such
a configuration can be formed, for example, in such a
manner that, after an electrically conductive paste is ap-
plied to each of the contact surface 10b of the first electric
conductor 10A and the contact surface 20a of the second
electric conductor 20A, the contact surfaces are pasted
to each other. Moreover, as shown in Fig. 5(b), the re-
sistive layer 90 may be provided from the junction (con-
tact surface 10b) of the first electric conductor 10A to the
inside of the first electric conductor 10A. Such a config-
uration can be formed, for example, in such a manner
that, after the electrically conductive paste is applied to
the contact surface 10b of the first electric conductor 10A,
the contact surfaces are pasted to each other. Moreover,
as shown in Fig. 5(c), the resistive layer 90 may be pro-
vided from the junction (contact surface 20a) of the sec-
ond electric conductor 20A to the inside of the second
electric conductor 20A. Such a configuration can be
formed, for example, in such a manner that, after the
electrically conductive paste is applied to the contact sur-
face 20a of the second electric conductor 20A, the con-
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tact surfaces are pasted to each other.

[0061] Moreover, in order that the electronic connec-
tion section 15 of the first electric conductor 10A may
have higher electrical resistivity than the junction of the
first electric conductor 10A, it is also preferable to in-
crease a thickness t1 in the lamination direction (X-axis
direction) of the electronic connection section 15 of the
first electric conductor 10A as shown in Fig. 6(a). Spe-
cifically, it is preferable to increase the thickness t1 of the
electronic connection section 15. The thickness t1 is a
distance from the junction of the first electric conductor
10A to the catalyst 13. The increase of the thickness t1
ofthe electronic connection section 15 lengthens an elec-
tronic conduction path from the junction of the first electric
conductor 10A to the catalyst 13, thus making it possible
to increase the electrical resistance.

[0062] In order that the electronic connection section
25 of the second electric conductor 20A may have higher
electrical resistivity than the junction of the second elec-
tric conductor 20A, itis also preferable to increase a thick-
ness t2 in the lamination direction (X-axis direction) of
the electronic connection section 25 of the second elec-
tric conductor 20A as shown in Fig. 6(b). Specifically, it
is preferable to increase the thickness t2 of the electronic
connection section 25. The thickness t2 is a distance to
the junction of the second electric conductor 20A from
the portion of the second electric conductor 20A, where
electrons are received from the microorganisms. The in-
crease of the thickness t2 of the electronic connection
section 25 lengthens an electronic conduction path to the
junction of the second electric conductor 20A from the
portion of the second electric conductor 20A, where elec-
trons are received from the microorganisms. According-
ly, it becomes possible to increase the electrical resist-
ance.

[0063] Next, a description will be given of a function of
the purification device 100 according to this embodiment.
When the purification device 100 is operated, the waste-
water 80 containing at least either one of the organic
matter and the nitrogen-containing compound is supplied
to the negative electrode 20 that is the second electric
conductor, and air or oxygen is supplied to the positive
electrode 10 that is the first electric conductor. At this
time, air and oxygen are continuously supplied to the gas
phase 40.

[0064] Then, in the positive electrode 10 shown in Fig.
1 and Fig. 2, air permeates the water-repellent layer 11
and is diffused by the gas diffusion layer 12. In the neg-
ative electrode 20, hydrogen ions and electrons are gen-
erated from at least either one of the organic matter and
the nitrogen-containing compound in the wastewater 80
by the catalytic action of the microorganisms. The gen-
erated hydrogen ions pass through an inner space of the
negative electrode 20, the inner space having the waste-
water 80 be present therein, and move to the positive
electrode 10. Moreover, the generated electrons pass
through the electrically conductive sheet of the negative
electrode 20, and move to the gas diffusion layer 12 of
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the positive electrode 10. Then, the hydrogen ions and
the electrons are combined with oxygen by an action of
the catalyst 13 supported on the gas diffusion layer 12,
and are consumed as water.

[0065] Forexample, when the wastewater 80 contains
glucose as the organic matter, the above-mentioned local
cell reaction (half-cell reaction) is represented by the fol-
lowing formula.

* Negative electrode 20: CgH4,0¢ + 6H,0 — 6CO, +
24H* + 24e-
» Positive electrode 10: 60, + 24H* + 24e- — 12H,0

[0066] Moreover, when the wastewater 80 contains
ammonia as the nitrogen-containing compound, the local
cell reaction is represented by the following formula.

* Negative electrode 20: 4NH3 — 2N, + 12H* + 12e-
» Positive electrode 10: 30, + 12H* + 12e- — 6H,0

[0067] As described above, the catalytic action of the
microorganisms in the negative electrode 20 makes it
possible to degrade the organic matter and the nitrogen-
containing compound in the wastewater 80, and to purify
the wastewater 80. Note that hydroxide ions are some-
times generated by the reduction reaction of oxygen in
the positive electrode 10. Therefore, in some cases, the
generated hydroxide ions move through an inner space
of the positive electrode 10, and are combined with the
hydrogen ions generated in the negative electrode 20,
whereby water is generated.

[0068] As mentioned above, the purification unit 1 ac-
cording to this embodimentincludes: the first electric con-
ductor 10Aincluding the catalyst 13; and the second elec-
tric conductor 20A brought into contact with and electri-
cally connected to the first electric conductor 10A. Then,
the first electric conductor 10A includes: the junction
composed of the contact surface 10b with the second
electric conductor 20A; and the electronic connection
section 15 that conducts electrons from the junction to
the catalyst 13. The second electric conductor 20A in-
cludes: the junction composed of the contact surface 20a
with the first electric conductor 10A; and the electronic
connection section 25 that conducts electrons to the junc-
tion, the electrons having moved from the microorgan-
isms 21 to the second electric conductor 20A. The elec-
tronic connection section 15 of the first electric conductor
10A has higher electrical resistivity than the junction of
the first electric conductor 10A, and/or the electronic con-
nection section 25 of the second electric conductor 20A
has higher electrical resistivity than the junction of the
second electric conductor 20A. Then, at least a part of
the first electric conductor 10A contacts the gas phase
40 including oxygen, and at least a part of the second
electric conductor 20A contacts the treatment target.
[0069] The purification device 100 includes: the above-
mentioned purification unit 1; and the treatment tank 70
for holding therein the purification unit 1 and the waste-
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water 80 to be purified by the purification unit 1. Then,
the purification unit 1 is installed so that at least a part of
the first electric conductor 10A contacts the gas phase
40, and that at least a part of the second electric conduc-
tor 20A contacts the wastewater 80.

[0070] Through an electron transfer reaction, the puri-
fication device 100 of this embodiment can oxidatively
degrade the component (organic matter or nitrogen-con-
taining compound) contained in the wastewater 80 in an
efficient manner. Specifically, the organic matter and/or
the nitrogen-containing compound, which is contained in
the wastewater 80, is degraded and removed by the me-
tabolism of the anaerobic microorganisms, that is, by
growth of the microorganisms. Then, since this oxidative
degradation treatment is performed under an anaerobic
condition, conversion efficiency of the organic matter into
new microbial cells can be kept lower than in the case
where the oxidative degradation treatment is performed
under an aerobic condition. Therefore, the growth of the
microorganisms, that is, the amount of generated sludge
can be reduced more than in the case of using the acti-
vated sludge process. Moreover, while smelling methane
gas is generated in usual anaerobic treatment, the gen-
eration of methane gas can be suppressed in the oxida-
tive degradation treatment in this embodiment since a
metabolite is carbon dioxide gas for example.

[0071] Moreover, in the purification unit 1, the electron-
ic connection section 15 of the first electric conductor
10A has higher electrical resistivity than the junction of
the first electric conductor 10A, and/or the electronic con-
nection section 25 of the second electric conductor 20A
has higher electrical resistivity than the junction of the
second electric conductor 20A. In this way, the potential
difference between the support region for the catalyst 13
in the first electric conductor 10A and the support region
for the microorganisms 21 in the second electric conduc-
tor 20A is ensured, thus making it easy to transfer elec-
trons from the second electric conductor 20A to the first
electric conductor 10A. As a result, the metabolism of
the microorganisms, which follows the electronic conduc-
tion, is promoted, and accordingly, it becomes possible
to increase the degradation efficiency of the organic mat-
ter and the nitrogen-containing compound in the treat-
ment target.

[0072] In the purification unit 1, it is preferable that the
first electric conductor 10A include the oxygen reduction
catalyst. In this way, in the first electric conductor 10A,
the oxygen reduction reaction between the oxygen in the
gas phase 40 and the hydrogen ions and the electrons,
which are generated in the second electric conductor
20A, is promoted, and accordingly, it becomes possible
to purify the treatment target more efficiently.

[0073] Moreover, itis preferable that the anaerobic mi-
croorganisms be supported on at least either one of the
surface and inside of the second electric conductor 20A.
The anaerobic microorganisms are used, whereby the
growth of the microorganisms, that is, the amount of gen-
erated sludge can be reduced, and further, it also be-
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comes possible to suppress the generation of the meth-
ane gas.

[0074] In the purification unit 1, when the microorgan-
isms contact the positive electrode 10 thatis the first elec-
tric conductor, possibly, a condensate caused by a se-
cretory component of the microorganisms may be fixedly
attached to the positive electrode 10, oxygen may be
consumed excessively by the microorganisms, and a lo-
cal pH gradient may be formed, resulting in a decrease
of a reaction amount following the electron transfer.
Therefore, it is preferable that such adhesion of the mi-
croorganisms to the positive electrode 10 be inhibited as
much as possible.

[0075] A method for inhibiting the adhesion of the mi-
croorganisms to the positive electrode 10 includes: a
method using the resistive layer 90 having pores with a
pore size that does not allow physical passage of the
microorganisms; or a method using chemical/biological
actions of the resistive layer 90. The method using the
chemical/biological actions includes a method of fixing a
disinfectant for sterilizing the microorganisms to the re-
sistive layer 90. As the disinfectant, for example, tetra-
cycline and a compound that emits silver or copper ions
having disinfectant properties can be used. Moreover,
the method using the chemical/biological actions in-
cludes a method of providing the resistive layer 90 itself
with local pH going out of a range where the microorgan-
isms are capable of growing.

[0076] Inthe case of applying the method for inhibiting
the adhesion of the microorganisms to the resistive layer
90, it is preferable to prevent the microorganisms from
entering the inside of the positive electrode 10 from the
upper surface 10c, lower surface 10d, right side surface
10e or left side surface 10f of the positive electrode 10
without passing through the resistive layer 90. That is,
even if the method for inhibiting the adhesion of the mi-
croorganisms to the resistive layer 90 is applied, when
the microorganisms enter from the upper surface 10c,
lower surface 10d, right side surface 10e or left side sur-
face 10f of the positive electrode 10, the microorganisms
adhere to the inside of the positive electrode 10. There-
fore, it is preferable that the upper surface 10c, lower
surface 10d, right side surface 10e and left side surface
10f of the positive electrode 10 be sealed by a sealing
material so as to prevent the microorganisms from en-
tering the inside of the positive electrode 10. It is prefer-
able that the sealing material be composed of a material
that atleast prevents the passage of the microorganisms,
and for example, a resin can be used, which includes at
least one selected from the group consisting of epoxy
resin, polymethyl methacrylate, methacrylic acid-styrene
copolymer, styrene-butadiene rubber, butylrubber, nitrile
rubber, chloroprene rubber and silicone.

[0077] Moreover, the method for inhibiting the adhe-
sion of the microorganisms to the positive electrode 10
includes a method of fixing the disinfectant for sterilizing
the microorganisms to the positive electrode 10. Moreo-
ver, the method using the chemical/biological actions al-
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so includes a method of providing the positive electrode
10 itself with local pH going out of the range where the
microorganisms are capable of growing.

[0078] Inthe purificationdevice 100, the treatmenttank
70 holds the wastewater 80 in the inside thereof, and
may have a configuration through which the wastewater
80 is circulated. For example, as shown in Fig. 1 and Fig.
2, the treatment tank 70 may be provided with a waste-
water supply port 71 for supplying the wastewater 80 to
the treatment tank 70 and a wastewater discharge port
72 for discharging the treated wastewater 80 from the
treatment tank 70. Then, it is preferable that the waste-
water 80 be continuously supplied through the wastewa-
ter supply port 71 and the wastewater discharge port 72.
[0079] For example, the negative electrode 20 that is
the second electric conductor according to this embodi-
ment may be modified by electron transfer mediator mol-
ecules. Alternatively, the wastewater 80 in the treatment
tank 70 may contain the electron transfer mediator mol-
ecules. In this way, the electron transfer from the anaer-
obic microorganisms to the negative electrode 20 is pro-
moted, and more efficient liquid treatment can be
achieved.

[0080] Specifically, in the metabolic mechanism by the
anaerobic microorganisms, electrons are transferred
within cells or with final electron acceptors. When such
mediator molecules are introduced into the wastewater
80, the mediator molecules act as the final electron ac-
ceptors for metabolism, and deliver the received elec-
trons to the negative electrode 20. As aresult, itbecomes
possible to enhance an oxidative degradation rate of the
organic matter and the like in the negative electrode 20.
Note that a similar effect is obtained even if the mediator
molecules are supported on the surface 20b of the neg-
ative electrode 20. The electron transfer mediator mole-
cules as described above are not particularly limited. As
the electron transfer mediator molecules as described
above, for example, there can be used at least one se-
lected from the group consisting of neutral red, anthraqui-
none-2,6-disulfonic acid (AQDS), thionine, potassium
ferricyanide, and methyl viologen.

[Second embodiment]

[0081] Next, a detailed description will be given of a
purification unit and a purification device according to a
second embodiment with reference to the drawings. Note
that the same reference numerals will be assigned to the
same constituents as those of the first embodiment, and
a duplicate description will be omitted.

[0082] As shown in Fig. 7, the purification unit accord-
ing to this embodiment includes: a first electric conductor
10B including the catalyst 13; and a second electric con-
ductor 20B brought into contact with and electrically con-
nected to the first electric conductor 10B. Then, the first
electric conductor 10B includes: a junction composed of
the contact surface 10b with the second electric conduc-
tor 20B; and an electronic connection section that con-
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ducts electrons from the junction to the catalyst 13. More-
over, the second electric conductor 20B includes: a junc-
tion composed of the contact surface 20a with the first
electric conductor 10B; and an electronic connection sec-
tion that conducts electrons to the junction, the electrons
having moved from the microorganisms to the second
electric conductor 20B. Then, the electronic connection
section 15 of the first electric conductor 10B has higher
electrical resistivity than the junction of the first electric
conductor 10B, and/or the electronic connection section
25 of the second electric conductor 20B has higher elec-
trical resistivity than the junction of the second electric
conductor 20B.

[0083] In the purification unit shown in Fig. 7, the first
electric conductor 10B is exposed from a water surface
80a of the wastewater 80, and is brought into direct con-
tactwith airthatis the gas phase including oxygen. There-
fore, this purification unit does not have to include the
cassette substrate 50 and the plate member 60 for form-
ing the gas phase 40, which are used in the first embod-
iment. Moreover, the first electric conductor 10B does
not have to include the water-repellent layer 11 in the
positive electrode 10 of the first embodiment. Therefore,
the first electric conductor 10B can adopt the same con-
figuration as that of the gas diffusion layer 12 of the pos-
itive electrode 10 in the first embodiment, and the second
electric conductor 20B can adopt the same configuration
as that of the negative electrode 20 in the first embodi-
ment.

[0084] In the purification device of this embodiment,
the purification unit is installed so that at least a part of
the first electric conductor 10B contacts the gas phase
40 including oxygen, and that at least a part of the second
electric conductor 20B contacts the wastewater 80 that
is the treatment target. In this case, the second electric
conductor 20B is in contact with the wastewater 80, and
accordingly, the wastewater 80 is present therein. There-
fore, the second electric conductor 20B enables the hy-
drogen ions to move by the wastewater 80 therein. More-
over, the first electric conductor 10B is also partially in
contact with the wastewater 80, and the wastewater 80
is present therein. Furthermore, when the first electric
conductor 10B is a porous body for example, the waste-
water 80 can be raised by a capillary phenomenon, and
can be held inside the first electric conductor 10B. There-
fore, the first electric conductor 10B also enables the hy-
drogen ions to move by the wastewater 80 therein.
[0085] The purification device of this embodiment can
also function in a similar way to the first embodiment.
Specifically, when the purification device is operated, the
wastewater 80 containing at least either one of the or-
ganic matter and the nitrogen-containing compound is
supplied to the second electric conductor 20B, and air or
oxygen is supplied to the first electric conductor 10B. At
this time, the first electric conductor 10B is exposed to
air, and accordingly, is supplied with air continuously.
[0086] Then, in the second electric conductor 20B, the
hydrogen ions and the electrons are generated from at
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least either one of the organic matter and the nitrogen-
containing compound in the wastewater 80 by the cata-
lytic action of the microorganisms. The generated hydro-
genions pass through an inner space of the second elec-
tric conductor 20B, and move to the first electric conduc-
tor 10B. Moreover, the generated electrons move to the
first electric conductor 10B through the second electric
conductor 20B. Then, the hydrogen ions and the elec-
trons are combined with oxygen by an action of the cat-
alyst supported on the first electric conductor 10B, and
are consumed as water.

[0087] Inasimilarway to the firstembodiment, through
the electron transfer reaction, the purification device of
this embodiment can also oxidatively degrade the organ-
ic matter and the nitrogen-containing compound, which
are contained in the wastewater 80 in an efficient manner.
Then, since this oxidative degradation treatment is per-
formed under an anaerobic condition, the growth of the
microorganisms, that is, the amount of generated sludge
can be reduced more than in the case of using the acti-
vated sludge process. Moreover, the generation of meth-
ane gas can be suppressed in the oxidative degradation
treatment in this embodiment since a metabolite is car-
bon dioxide gas for example.

[0088] Moreover, in the purification unit for use in this
embodiment, the first electric conductor 10B is exposed
to air, and accordingly, the water-repellent layer 11, the
cassette substrate 50 and the plate member 60 for form-
ing the gas phase 40 become unnecessary. Therefore,
it becomes possible to simplify the structure of the puri-
fication unit.

[0089] The purification unit according to this embodi-
ment is not particularly limited as long as the purification
unit is configured so that at least a part of the first electric
conductor 10B can be exposed from the water surface
80a of the wastewater 80, and that the second electric
conductor 20B can be immersed in the wastewater 80.
For example, the purification unit can be configured as
shown in Figs. 7(a) to 7(d).

[0090] In a purification unit 1B in Fig. 7(a), the first elec-
tric conductor 10B is disposed substantially horizontally
with respect to the water surface 80a, and the second
electric conductor 20B is disposed substantially perpen-
dicularly to the first electric conductor 10B. Note that the
second electric conductor 20B is not limited to be single,
and a plurality of the second electric conductors 20B may
be connected to the first electric conductor 10B that is
single.

[0091] Inapurificationunit1CinFig.7(b), thefirstelec-
tric conductor 10B is disposed substantially horizontally
to the water surface 80a, and the second electric con-
ductor 20B is disposed substantially parallel to the first
electric conductor 10B. In a purification unit 1D in Fig.
7(c), the first electric conductor 10B is disposed substan-
tially horizontally to the water surface 80a. Then, the sec-
ond electric conductor 20B has a substantially T-shaped
cross section. In a purification unit 1E in Fig. 7(d), the
first electric conductor 10B is disposed substantially hor-
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izontally to the water surface 80a. Then, the second elec-
tric conductor 20B has a substantially I1-shaped cross
section.

[0092] When the oxygen reduction catalystis support-
ed on the upper surface 10c of the first electric conductor
10B as shown in Fig. 7(a), it is preferable that the waste-
water 80 be held up to the upper surface 10c of the first
electric conductor 10B in order to ensure conductivity of
the hydrogen ions to the oxygen reduction catalyst. How-
ever, by disposing an ion conductive material inside the
first electric conductor 10B, it becomes possible to con-
duct the hydrogen ions up to the oxygen reduction cata-
lyst even if the wastewater 80 is not held. As the ion
conductive material, for example, there can be used
Nafion (registered trademark) containing a perfluorosul-
fonic acid group, Flemion (registered trademark) com-
posed of perfluoro-type vinyl ether containing a carbox-
ylic acid group.

[Third embodiment]

[0093] Next, a detailed description will be given of a
purification unit and a purification device according to a
third embodiment with reference to the drawings. Note
that the same reference numerals will be assigned to the
same constituents as those of the first and second em-
bodiments, and a duplicate description will be omitted.
[0094] The purification unit according to this embodi-
ment also has a configuration similar to that in the second
embodiment. As shown in Fig. 8, the purification unit in-
cludes: a first electric conductor 10C including the cata-
lyst 13; and a second electric conductor 20C brought into
contact with and electrically connected to the first electric
conductor 10C. Then, the first electric conductor 10C in-
cludes: a junction composed of the contact surface 10b
with the second electric conductor 20C; and an electronic
connection section that conducts electrons from the junc-
tion to the catalyst 13. Moreover, the second electric con-
ductor 20C includes: a junction composed of a contact
surface 20a with the first electric conductor 10C; and an
electronic connection section that conducts electrons to
the junction, the electrons having moved from the micro-
organisms to the second electric conductor 20C. Then,
the electronic connection section 15 of the first electric
conductor 10C has higher electrical resistivity than the
junction of the first electric conductor 10C, and/or the
electronic connection section 25 of the second electric
conductor 20C has higher electrical resistivity than the
junction of the second electric conductor 20C. Note that,
in the purification unit of this embodiment, the first electric
conductor 10C and the second electric conductor 20C
are connected to each other in the vertical direction.
[0095] Specifically, as shown in Fig. 8(a), in a purifica-
tion unit IF, the first electric conductor 10C and the sec-
ond electric conductor 20C are connected to each other
in the vertical direction. Then, the second electric con-
ductor 20C and a part of the first electric conductor 10C
are immersed in the wastewater 80. Moreover, in order
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to increase a contact area with the gas phase 40, the
cassette substrate 50 and the plate member 60 are pro-
vided in the first electric conductor 10C. Therefore, it is
preferable that the first electric conductor 10C adopt the
same configuration as that of the positive electrode 10
including the water-repellent layer 11 and the gas diffu-
sion layer 12 in the first embodiment. Moreover, the sec-
ond electric conductor 20C can adopt the same config-
uration as that of the negative electrode 20 in the first
embodiment.

[0096] As shown in Fig. 8(b), in a purification unit 1G,
the first electric conductor 10C and the second electric
conductor 20C are connected to each other in the vertical
direction. Then, the first electric conductor 10C is ex-
posed to the gas phase 40, and the second electric con-
ductor 20C is immersed in the wastewater 80. Therefore,
the first electric conductor 10C can adopt the same con-
figuration as that of the gas diffusion layer 12 of the pos-
itive electrode 10 in the first embodiment, and the second
electric conductor 20C can adopt the same configuration
as that of the negative electrode 20 in the first embodi-
ment.

[0097] Here, when the first electric conductor 10C is a
porous body for example, the wastewater 80 can be
raised by the capillary phenomenon, and can be held
inside the first electric conductor 10C. Therefore, the first
electric conductor 10C enables the hydrogen ions to
move by the wastewater 80 therein. Note that, as men-
tioned above, the ion conductive material may be dis-
posed inside the first electric conductor 10C in order to
ensure the conductivity of the hydrogen ions.

[0098] The purification device of this embodiment can
also function in a similar way to the first and second em-
bodiments. Specifically, when the purification device is
operated, the wastewater 80 containing at least either
one of the organic matter and the nitrogen-containing
compound is supplied to the second electric conductor
20C, and air or oxygen is supplied to the first electric
conductor 10C. Then, in the second electric conductor
20C, the hydrogen ions and the electrons are generated
from at least either one of the organic matter and the
nitrogen-containing compound in the wastewater 80 by
the catalytic action of the microorganisms. The generated
hydrogen ions pass through an inner space of the second
electric conductor 20C, and move to the first electric con-
ductor 10C. Moreover, the generated electrons move to
the first electric conductor 10C through the second elec-
tric conductor 20C. Then, the hydrogen ions and the elec-
trons are combined with oxygen by an action of the cat-
alyst supported on the first electric conductor 10C, and
are consumed as water.

[0099] In the purification device of this embodiment,
the purification units 1F and 1G are disposed in the ver-
tical direction, and accordingly, an installation space of
each of the purification units 1F and 1G in the wastewater
80 can be reduced. Therefore, pluralities of the purifica-
tion units 1F and 1G can be installed in a small space,
and it becomes possible to efficiently purify the waste-
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water 80.
[Fourth embodiment]

[0100] Next, a detailed description will be given of a
purification unit and a purification device according to a
fourth embodiment with reference to the drawings. Note
that the same reference numerals will be assigned to the
same constituents as those of the first to third embodi-
ments, and a duplicate description will be omitted.
[0101] The purification unit according to this embodi-
ment also has a configuration similar to that in the second
embodiment. As shown in Fig. 9, the purification unit in-
cludes: a first electric conductor 10D including the cata-
lyst 13; and a second electric conductor 20D brought into
contact with and electrically connected to the first electric
conductor 10D. Then, the first electric conductor 10D in-
cludes: a junction composed of the contact surface 10b
with the second electric conductor 20D; and an electronic
connection section that conducts electrons from the junc-
tion to the catalyst 13. Moreover, the second electric con-
ductor 20D includes: a junction composed of the contact
surface 20a with the first electric conductor 10D; and an
electronic connection section that conducts electrons to
the junction, the electrons having moved from the micro-
organisms to the second electric conductor 20D. Then,
the electronic connection section 15 of the first electric
conductor 10D has higher electrical resistivity than the
junction of the first electric conductor 10D, and/or the
electronic connection section 25 of the second electric
conductor 20D has higher electrical resistivity than the
junction of the second electric conductor 20D.

[0102] Ina purificationunit 1Hin Fig. 9(a), the firstelec-
tric conductor 10D is disposed substantially horizontally
with respect to the water surface 80a, and the second
electric conductor 20D is disposed substantially perpen-
dicularly to the first electric conductor 10D. Moreover, in
apurification unit 11in Fig. 9(b), the first electric conductor
10D is disposed substantially horizontally to the water
surface 80a, and the second electric conductor 20D has
a substantially T-shaped cross section.

[0103] In the purification unit shown in Fig. 9, the first
electric conductor 10D is exposed from the water surface
80a of the wastewater 80, and is brought into direct con-
tact with air that is the gas phase including oxygen. Then,
the second electric conductor 20D is immersed in the
wastewater 80. Therefore, the first electric conductor 10D
can adopt the same configuration as that of the gas dif-
fusion layer 12 of the positive electrode 10 in the first
embodiment, and the second electric conductor 20D can
adoptthe same configuration as that of the negative elec-
trode 20 in the first embodiment.

[0104] Here, when the first electric conductor 10D is a
porous body for example, the wastewater 80 can be
raised by the capillary phenomenon, and can be held
inside the first electric conductor 10D. Therefore, the first
electric conductor 10D enables the hydrogen ions to
move by the wastewater 80 therein. Note that, as men-
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tioned above, the ion conductive material may be dis-
posed inside the first electric conductor 10D in order to
ensure the conductivity of the hydrogen ions.

[0105] In the purification unit of this embodiment, a lid
member 110 is provided between the first electric con-
ductor 10D and the water surface 80a of the wastewater
80. Then, it is preferable that the lid member 110 have
low oxygen permeability. The lid member 110 having low
oxygen permeability is provided, whereby the contact be-
tween the wastewater 80 and the gas phase 40 is sup-
pressed, and an amount of the oxygen dissolved in the
wastewater 80 can be reduced. As a result, an atmos-
phere around the second electric conductor 20D dis-
posed inside the wastewater 80 can be made anaerobic,
and accordingly, it becomes possible to promote the me-
tabolism of the anaerobic microorganisms. Moreover, in
the purification unit 11 in Fig. 9(b), the lid member 110 is
provided, whereby the vicinity of the water surface 80a
can be kept anaerobic. Accordingly, it becomes possible
to dispose the second electric conductor 20D close to
the first electric conductor 10D.

[0106] It is preferable that the lid member 110 as de-
scribed above be made of a resin material having low
oxygen permeability. Moreover, in order to expose the
first electric conductor 10D from the water surface 80a
of the wastewater 80, it is preferable to reduce a specific
gravity of the lid member 110 than that of water, and to
generate a buoyancy in the lid member 110.

[Fifth embodiment]

[0107] Next, a detailed description will be given of a
purification unit and a purification device according to a
fifth embodiment with reference to the drawings. Note
that the same reference numerals will be assigned to the
same constituents as those of the first to fourth embod-
iments, and a duplicate description will be omitted.

[0108] The purification unit according to this embodi-
ment also has a configuration similar to that in the third
embodiment. As shown in Fig. 10, the purification unit
includes: a first electric conductor 10E including the cat-
alyst 13; and a second electric conductor 20E brought
into contact with and electrically connected to the first
electric conductor 10E. Then, the first electric conductor
10E includes: a junction composed of the contact surface
10b with the second electric conductor 20E; and an elec-
tronic connection section that conducts electrons from
the junctiontothe catalyst 13. Moreover, the second elec-
tric conductor 20E includes: a junction composed of the
contact surface 20a with the first electric conductor 10E;
and an electronic connection section that conducts elec-
trons to the junction, the electrons having moved from
the microorganisms to the second electric conductor
20E. Then, the electronic connection section 15 of the
firstelectric conductor 10E has higher electrical resistivity
than the junction of the first electric conductor 10E, and/or
the electronic connection section 25 of the second elec-
tric conductor 20E has higher electrical resistivity than
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the junction of the second electric conductor 20E.
[0109] Then,thefirstelectric conductor 10E is exposed
to the gas phase 40, and the second electric conductor
20E is immersed in the wastewater 80. Therefore, since
the first electric conductor 10E is not immersed in the
wastewater 80, the first electric conductor 10E can adopt
the same configuration as that of the gas diffusion layer
12 of the positive electrode 10 in the first embodiment,
and the second electric conductor 20E can adopt the
same configuration as that of the negative electrode 20
in the first embodiment.

[0110] In a similar way to the third embodiment, in the
purification unit 1J of this embodiment, the first electric
conductor 10E and the second electric conductor 20E
are connected to each other in a substantially vertical
direction. Note that the purification unit 1J is inclined at
an angle 6 with respect to the vertical direction, and fur-
ther, the wastewater 80 flows down on the first electric
conductor 10E. That is, the wastewater 80 contacts an
upper portion of the first electric conductor 10E along an
arrow B shown in Fig. 10, passes through a surface and
inside of the first electric conductor 10E, and thereafter,
reaches the reserved wastewater 80 in which the second
electric conductor 20E is immersed.

[0111] As described above, in the purification unit 1J,
the wastewater 80 is always present on the surface of
the first electric conductor 10E and in the inside thereof.
Therefore, even if the first electric conductor 10E itself is
not provided with hydrogen ion conductivity, the hydro-
gen ions are enabled to reach the oxygen reduction cat-
alyst via the wastewater 80.

[0112] Note that, as the wastewater 80 flowing down
on the first electric conductor 10E, the wastewater 80 in
which the second electric conductor 20E is immersed
may be circulated. Moreover, wastewater generated
from a pollution source may be flown down on the first
electric conductor 10E.

[Sixth embodiment]

[0113] Next, a detailed description will be given of a
purification unit and a purification device according to a
sixth embodiment.

[0114] The first to fifth embodiments describe cases of
using the wastewater 80 as the treatment target to be
purified by the purification units. In each of the purification
units, hydrogen ions and oxygen are generated from the
organic matter and the like by the microorganisms in the
second electric conductor, and the generated hydrogen
ions and electrons move to the first electric conductor.
Thereafter, the oxygen reduction reaction occurs in the
first electric conductor. Therefore, if these sequential re-
actions occur, then the treatment target is not limited to
wastewater, and for example, soil is usable as the treat-
ment target. Moreover, anaerobic microorganisms which
are electricity-producing bacteria are present in the soil.
For example, electricity-producing bacteria such as Geo-
bacter bacteria are latently present in soil of paddies.
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Therefore, it becomes possible to purify the soil just by
inserting the purification units according to the first to fifth
embodiments into the soil.

[0115] As mentioned above, it is preferable that the
first electric conductor and the second electric conductor
have the hydrogen ion conductivity. Therefore, it is pref-
erable to use each of the purification units for soil of wet-
lands, which enables moisture as a hydrogen ion con-
ductor to enter the insides of the first electric conductor
and the second electric conductor. Moreover, it is pref-
erable to provide the hydrogen ion conductivity to the first
electric conductor and the second electric conductor by
soaking the insides thereof in the ion conductive material
or by supplying moisture to the first electric conductor
and the second electric conductor.

[0116] As described above, the purification device ac-
cording to this embodiment includes the above-men-
tioned purification unit. Then, the purification unit is in-
stalled so that at least a part of the first electric conductor
contacts the gas phase 40, and that at least a part of the
second electric conductor contacts the soil to be purified
by the purification unit. Use of the purification unit and
the purification device, which are as described above,
makes it possible to purify the soil by a simple system
while inhibiting the generation of the biogas. Moreover,
the purification unit does not need to be applied from the
outside with electrical power required for operating the
purification unit, and the purification unit can be operated
just by being inserted into the soil, and accordingly, it
becomes possible to purify the soil even at a place to
which it is difficult to supply electrical power.

[0117] Although this embodiment has been described
above, this embodiment is not limited to these, and var-
ious modifications are possible within the scope of the
spirit of this embodiment. Moreover, the purification de-
vice according to this embodiment can be widely applied
to treatment for the liquid containing the organic matter
and the nitrogen-containing compound, for example,
wastewater generated from factories of various indus-
tries, and treatment for organic wastewater such as sew-
age sludge, and further, applied to the purification of the
soil. Moreover, the purification device can be used for
improving an environment of a water area.

[0118] The entire contents of Japanese Patent Appli-
cation No. 2016-109901 (filed on: June 1, 2016) are in-
corporated herein by reference.

INDUSTRIAL APPLICABILITY

[0119] In accordance with the present invention, there
can be obtained the purification unit capable of inhibiting
the generation of the biogas while reducing the amount
of generated sludge, and obtained the purification device
using the purification unit.
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1,1A,1B, 1C, 1D, 1E, 1F, 1G, 1H, 11, 1J Puirification

unit

10A, 10B, 10C, 10D, 10E First electric conductor

10b

Contact surface

13 Catalyst
15 Electronic connection section
20A, 20B, 20C, 20D, 20E Second electric conductor

20a

Contact surface

21 Microorganism

25 Electronic connection section
40 Gas phase

70 Treatment tank

80 Wastewater

100

Claims

Purification device

1. A purification unit comprising:

afirstelectric conductorincluding a catalyst; and
a second electric conductor brought into contact
with and electrically connected to the first elec-
tric conductor, and

wherein the first electric conductor includes: a
junction composed of a contact surface with the
second electric conductor; and an electronic
connection section that conducts electrons from
the junction to the catalyst, and the second elec-
tric conductor includes: a junction composed of
acontactsurface with thefirst electric conductor;
and an electronic connection section that con-
ducts electrons to the junction, the electrons
moving from the microorganisms to the second
electric conductor,

the electronic connection section of thefirstelec-
tric conductor has higher electrical resistivity
than the junction of the first electric conductor,
and/or the electronic connection section of the
second electric conductor has higher electrical
resistivity than the junction of the second electric
conductor, and

at least a part of the first electric conductor con-
tacts a gas phase including oxygen, and at least
a part of the second electric conductor contacts
a treatment target.

The purification unit according to claim 1, wherein

the first electric conductor includes an oxygen reduc-

tion

catalyst.

3. A purification device comprising:

the purification unitaccording to claim 1 or 2; and
a treatment tank which holds, in an inside, the
purification unit and wastewater to be purified
by the purification unit,

wherein the purification unit is installed so that
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at least a part of the first electric conductor con-
tacts the gas phase, and that at least a part of
the second electric conductor contacts the
wastewater.

4. A purification device comprising:
the purification unit according to claims 1 or 2,
wherein the purification unit is installed so that
at least a part of the first electric conductor con- 70
tacts the gas phase, and that at least a part of
the second electric conductor contacts soil to be
purified by the purification unit.
5. The purification device according to claim 3 or 4, 15
wherein anaerobic microorganisms are supported
on at least either one of a surface and inside of the

second electric conductor.
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FIG. 2
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FIG. 3
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FIG. 4
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FIG. 5(a)
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FIG. 6(a)
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